SUMMARY M mode echocardiography was used in 10 normal subjects to study left ventricular dimension and function variables at identical heart rates during tachycardia induced by supine bicycle exercise or atrial pacing. Echocardiographic data were analysed independently by two observers. The maximum heart rate reached during atrial pacing was lower (mean (1 SD) 148 (17) beats/min) than that reached during exercise (mean (1SD) 167 (14) beats/min). The left ventricular end diastolic dimension was greater before supine exercise than before atrial pacing, probably as a result of leg raising. At each graded exercise step the end diastolic dimension remained greater than during atrial pacing and the differences became progressively greater with increasing heart rates. The left ventricular end systolic dimension was not significantly different at each step during the two stresses. During recovery the end systolic dimension was significantly smaller after exercise than at corresponding heart rates induced by atrial pacing. Left ventricular function indices-fractional shortening and peak rates of left ventricular systolic and diastolic dimensional change-were significantly higher during exercise than during atrial pacing and the differences increased with heart rate.
cardiography has the important advantage of allowing continuous measurement of left ventricular function variables before, during, and immediately after exercise. Different types of stress and exercise have been studied echocardiographically, including isometric exercise4; handgrip5; and bicycle ergometer exercise in supine,5 6 semisupine,7 sitting,9 and upright positions. l M mode echocardiographic variables of the left ventricle are known to vary with heart rate,i2 13 but differences due to separate interventions have not been compared in the same subjects. The aim of the present study was to analyse left ventricular function at identical heart rates induced by supine bicycle exercise and atrial pacing.
Heart rate and left ventricular function Subjects and methods STUDY POPULATION We studied ten healthy volunteers (medical, students; mean age 24, range with restig M mode echocardiograms of excellent quality. All had a normal history, physical examination, resting and exercise electrocardiogram, and chest x ray. We obtained informed consent from all of them. The subjects were not required to fast before the tests; hence studies were performed with normal volume loading of the left ventricle.
BICYCLE EXERCISE STRESS TEST
The 10 subjects lay supine on a table in a slightly left lateral position and were fixed at the shoulder level. They pedalled a bicycle ergometer at 60 revolutions/min. The initial workload was 50 W for three minutes; this was increased by 25W every three minutes until the subject was exhausted. The mean (1 SD) 
STATISTICAL ANALYSIS
For each variable, measurements obtained at each step during the exercise test were compared with those made at identical heart rates induced by atrial pacing. Student's t test for paired data was used. Differences were regarded as significant when p < 0 05.
Results

REPRODUCIBILITY OF DIGITISATION OF EXERCISE ECHOCARDIOGRAMS
For each variable measured during exercise we regarded the mean value of three consecutive cardiac cycles obtained by digitisation as an individual determination. Interobserver variability was assessed by calculation of the percentage difference between the means of the two observers (table) .
Variance between the two observers was small for all variables, the maximum being 2% for normalised peak rate of increase in diameter, a derived index. The correlation of the results between the two independent observers was highly significant (table). HEART RATE In two subjects 1:1 atrioventricular conduction failed during atrial pacing at low heart rates and thus we could not compare the results with exercise after the first step. These patients were excluded from further analysis and we compared paired variables at similar heart rates in the eight remaining subjects.
Resting heart rates were similar before exercise (73 (13) end diastolic dimension. At rest the end diastolic dimension was greater before exercise than before atrial pacing (p < 0-05). The end diastolic dimension remained fairly constant during exercise and decreased during atrial pacing. At each step of the two stress tests the end diastolic dimension was greater during exercise than during atrial pacing and the differences increased progressively. During recovery the differences decreased progressively and after five minutes end diastolic dimension was similar to the value obtained at the corresponding heart rate induced by atrial pacing. During recovery subjects kept their feet up on the table. Figure 2b shows the influence of exercise and atrial pacing on left ventricular end systolic dimension. End systolic dimension decreased slightly during both exercise and atrial pacing and no significant differences were seen between the two stress tests at any level. During recovery left ventricular end systolic dimension was significantly smaller after exercise than at corresponding heart rates produced by atrial pacing (p < 0-05). Figure 3a shows the effects of exercise and atrial pacing on fractional shortening. Fractional In the denervated heart of cardiac transplant recipients an early increase during exercise has been demonstrated. 24 The findings of most of these studies, and particularly those using echocardiography and radionuclide techniques, have been interpreted on the basis of the presence or absence of a FrankStarling mechanism without considering the influence of heart rate. Our findings suggest that leg elevation just before supine exercise significantly increases left ventricular end diastolic dimension. Because the feet were raised at rest just before exercise, end diastolic dimension was greater than before atrial pacing when the feet were horizontal. The mean difference of 3 2 mm (5 2%) was outside the 95% confidence interval of temporal variability in serial echocardiograms and must be regarded as significant.32 This increase in preload was not accompanied by an inotropic effect since all the indices of left ventricular function-fractional shortening, mean velocity of circumferential fibre shortening, and peak rate of decrease in diameterwere not significantly different before the two tests were started. We observed that at any given heart rate during stress, left ventricular end diastolic dimensions were greater during exercise than during atrial pacing induced tachycardia. These observations accord with those of Sonnenblick et al who studied patients by means of myocardial markers after cardiac operations.22 An increase in heart rate tends to decrease end diastolic dimension whereas increased venous return has the opposite effect. Thus the maintenance of end diastolic dimension during supine exercise suggests that the FrankStarling mechanism is active in the cardiac response to exercise. group.bmj.com on June 11, 2014 -Published by heart.bmj.com Downloaded from
INDICES OF LEFT VENTRICULAR FUNCTION
